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Structure of the plant cell wall 
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Presence of cellulose in terrestrial environments 
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Mechanical fragmentation and enzymatic hydrolysis of cellulose by 
crustaceans 
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Differences between the traditional model of cellulose digestion and the 
system utilised by invertebrates 
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Aims and thesis outline 
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Functional morphology of the gastric mills of 
carnivorous, omnivorous and herbivorous land 
crabs 
CHAPTER 2:  Land crab gastric mill morphology 
23 
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Morphology of the gastric mill is correlated to the dietary specialisation in 
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Materials and Methods 
Animal collection and dissection 
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Results 
Gastric mill of carnivorous species: family Grapsidae (infraorder Brachyura) 
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Lateral tooth of G. grayi 
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Gastric mill of specialist herbivorous species: family Gecarcinidae 
(infraorder Brachyura) 
Medial tooth of G. natalis 
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Gastric mill of generalised omnivorous species: family Coenobitidae 
(infraorder: Anomura) 
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Functional morphology of the gastric mills of omnivorous anomurans. 
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Purification and characterisation of endo--1,4-
glucanase and laminarinase enzymes from the 
gecarcinid land crab, Gecarcoidea natalis, and the 
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Materials and Methods 
Animal collection and housing 
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Preparation of midgut gland homogenate 
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Liquid chromatography steps  
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Strong anion exchange chromatography. 
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Protein size determination using gel filtration chromatography 
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Analysis of fractions and protein concentrates arising from the various 
chromatography steps. 
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Enzyme kinetics and pH optimum 
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Results 
Purification of laminarinases and endo--1,4-glucanases from G. natalis.  
DEAE chromatography 
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HIC chromatography of combined fractions 37-55 from DEAE containing 
laminarinase and endo--1,4-glucanase.  
Endo--1,4-glucanase 
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Final step in the purification of endo--1,4-glucanase: P-100 gel filtration 
chromatography 
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Fraction
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Fraction
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Purification of laminarinases and endo--1,4-glucanases from the aquatic 
crayfish, C. destructor 
DEAE chromatography 
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Comparison with DEAE chromatography of the 30–60% ammonium 
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Gel filtration chromatography 
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Gel filtration chromatography of endo--1,4-glucanase 1 and endo--1,4-
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[Laminarinase] (%w/v)










































 G. natalis 	 	 G
	1 
<&'< `
  	 ! 
.( 
 !.( 	 	 T
























































































and c) 	 .C.(%<.		 (b and d) ! 
 
 	G. natalis (a 











Figure 3.13 /		 !     	
	 + 	 +
	
		 
G. natalis (a) 	C. destructor b)% 	    	1

 +   	 + .C.(%<.		 ! 
 G. natalis (c) 	 C. 


















+ 0	.0 "% + 	 G




 !.( 	 	 T




.(%<. N %  +	 		  8/ 
 ;&(> -
	
		 	 + 0	.0 " + 	 G








G. natalis !  	 






















  	 		 +   +  	 /	
$ 
 
 $	 	G. natalis 	!  	 
 		

























	 	!	  












CHAPTER 3:  Crustacean cellulase and hemicellulase 
88 
.(%<.		   % 











	   <( "	  . 38 	 ?( "	 
  	










   	 ,P!	.	





	   +  	 





  	$% 
	
		
	 	 	 	
	.
























- 5 	  	
		 	 






 	% &'';%  	  5
 










  	 
		!  
	  5  	  		%Haliotis 
tuberculata ,P!	.	
!  	% (BB@% "%Euphausia superba 5" 
	% (B@? 	 
%Rhagium inquisitor /! 	/			% (B@< -	
;? - $		   5 
	  	
		 











	$ +  
 	   G. natalis 	 C. destructor% 	 
!.C.(%<.			!	%(BBBN


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER 3:  Crustacean cellulase and hemicellulase 
90 

  	  	! Chlamys albidus 	 Mizuhopecten yessoensis 





	 3$ 	  
 	   
	      $
5




!	 	!   $   	
		 5
 




		 - !% "+ 	 C.(%;.	  !% 	 "





	 $	     
+	
!$	!			%






 C.(%;.	  !%     	 !  	 






	% &''<*$   "+  +! 
 

 			  	 C.(%;.	. !   !!	
	$	  	  	% &''B - 5
   Helicoverpa armigera
	$	+
	+	!$		!!	C.
(%;.	  !%  	 		 	$ 	+	 1!  

 	 	  	

! - 5
















! Penaeus monodon ;B= "	% 	"		  	% &''& )
CHAPTER 3:  Crustacean cellulase and hemicellulase 
91 
	% 	 !		 !    	
		 
 G. natalis +
 
	 + C.(%;.	  ! ,% !	













+	 !	  			
 )  
% 












   




!    
   
				P. leniusculus,	%&''' 














   




!    





	 ..(%<.		 ! 





	 C.(%<.   +	 	 	!	 
	   C.(%;.  ) 	  .C.(%<.
		 
C. destructor   C.(%<.  -	 ;>
-		!.C.(%<.		
G. natalis









G. natalis   		 	  8/ 
 	   +$%








 G. natalis  	 C.(%<.
 +   !
% 	1
 %  ! 
 
%  	 	 $ 
	 	






	$ ,  	% &''> -%  
 	  .C.(%<.		
	 C.(%<.	 















  -    
	 	$ + +
	 	 !  		    
!	 
		$		
- .C.(%<.		 ! 
 G. natalis 	 C. destructor
	 










	 	 " ! 
 3*B  !  		% 	 	!  	% 	
 	   +     	% (BBBN
/	+  	% &''<N ,  	% &''> 8.C.(%<.		 







;?N , 	% &''=NE	 	% &''?NI 	% &''?3	
	
CHAPTER 3:  Crustacean cellulase and hemicellulase 
93 
!$ ! 		 	  
	 1!	 +  .C.(%<.
				$	,		%(B@?
Enzyme activity at different pH 
  	
		 	  ..(%<.		 


















-! 	 C. destructor 	

	  	 
	C. quadricarinatus%+!=@*	%&''(




















	+ !  
 -
 " 1!		    	
 ! ! 














	$      ! Porcellio scaber T	b"  	%
&'(' - 
	 	  






CHAPTER 3:  Crustacean cellulase and hemicellulase 
94 





  	  .C.(%<.		 	 	
		
1	
    
	 5
 	 	 !  	 	
		!	C. destructor. -				
$ 	 	 	
	 	$ !  5
 	 	$






1 C.(%<.% C.(%; 	 C.(%>. %

	 	 	 5
 
	 +" 	  	$ 	
  		!




	 	"+%+$%  		!	 
5














The last piece in the cellulase puzzle: the 
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-glucosidase from the 
herbivorous gecarcinid land crab, 
Gecarcoidea natalis
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Hydrophobic interaction chromatography (HIC) 
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-glucosidase using liquid chromatography 
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Particle size reduction in the gastric mill of 
Gecarcoidea natalis, synergism between cellulases 
and the link between particle size and enzyme 
efficiency
CHAPTER 5:  Food particle size reduction and cellulase synergy
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Materials and Methods 
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Comparison between the weight of filtered stomach contents and the weight 










Calculation of in vivo proportion of endo--1,4-glucanase to glucohydrolase 
ratio 
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Calculation of the ratio of endo--1,4-glucanase to glucohydrolase ratio 









Thin layer chromatography of endo--1,4-glucanase and glucohydrolase 
combined in vitro 
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Enzyme assays of endo--1,4-glucanase and glucohydrolase combined in 
vitro 
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Enzyme Specific activity (units mg protein-1) 
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Mechanical digestion of plant material 
Functional morphology of the gastric mill in herbivorous species 
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